Introduction
The variability in sour cherry germplasm presents a wealthy source of diversity for breeders (Radičević et al., 2012) . The Balkan Peninsula is one of the most valuable secondary centers of genetic diversity and provides an inexhaustible gene pool for breeding work in Prunus sp. (Ognjanov et al., 2009; Bošnjaković et al., 2012) . 'Oblačinska' sour cherry (Prunus cerasus L.) has been used for decades as a dwarfing rootstock for sweet and sour cherry in Serbia as a population cultivar, but it has never been of national interest to conserve and utilize germplasm for rootstock breeding . Population heterogeneity causes major problems in propagation, and selecting and isolating clones with the most favorable characteristics requires work (Nikolić et al., 2005; Miletić et al., 2008 ). An efficient vegetative propagation method for P. cerasus L., including 'Oblačinska' sour cherry, has not been reported, since the main propagation method is from root suckers and seeds. Protocols for micropropagation are presented in Gisela 5 (Vujović et al., 2012) , Gisela 6 (Vujović et al., 2009; Hossini et al., 2010) , PHL-A (Sedlak et al., 2008; Mahdavian et al., 2011) , sour cherry varieties (Cerović and Ružić, 1987) , and sweet and sour cherry rootstock selections (Dradi et al., 1996; Singh et al., 2010) . The merit of using in vitro meristem, shoot tip, or bud cultures in rootstock breeding, as a means of multiplication, is that the incipient shoot has already been differentiated in vivo. At the same time, as a means of germplasm preservation, it assures the availability of genetic material as the need arises. For plant species with a definite dormant period, the success of culture establishment is affected by the season during which the explants are obtained (Preece, 2008) .
Germplasm diversity for rootstock breeding derives from natural populations where infections and viral diseases are constantly present (Dorić et al., 2014) . A very important advantage of introducing in vitro germplasm into rootstock breeding is the potential for the recovery of virus-free plants from infected germplasm through shoot meristem culture (Druart, 2013) .
The aim of this study was to develop a faster, reliable way to introduce genetic diversity within Prunus cerasus L. 'Oblačinska' sour cherry into a rootstock breeding program. The objective was to examine seasonal influence on in vitro culture establishment, index of multiplication, and rooting percentage.
Materials and methods

Plant material and date of explant collection
The establishment of aseptic culture in vitro for four promising Prunus cerasus L. 'Oblačinska' sour cherry accessions-'OV 14' , 'OV 15' , 'OV 17' , and 'OV 32'-was examined. Aseptic cultures were established from plants grown in situ, whereby dormant buds were collected monthly from November to March, and actively growing shoot tips were collected in April.
Surface sterilization
Dormant buds and shoot tips were first disinfected by rinsing in tap water for 2 h. Dormant twigs with one node were surface-disinfected with the fungicide Previcur (5%) for 30 min and immersed in 0.1% mercuric chloride for 5 min. Sterilization was accomplished in a laminar flow hood with 70% ethanol containing 0.1% Tween for 1 min and 25 min in 4% sodium hypochlorite followed by 3 rinses with sterile distilled water. Meristem dissection with 2-3 primordial leaves was performed under a stereomicroscope. The same surface sterilization procedure was applied to actively growing shoots with excised explants 1.5 cm in length.
Culture medium
In vitro cultures were initiated on medium containing SH macroelements (Schenk and Hildebrandt, 1972) , MS microelements, and vitamins (Murashige and Skoog, 1962) supplemented with (in mg L -1 ) 6-benzyladenine (BA), 0.5; indole-3-butyric acid (IBA), 0.01; gibberellic acid (GA 3 ), 0.1; citric acid, 10; and L-ascorbic acid, 10. After two subcultures were grown on the initiation medium, explants were taken on DKW elongation medium (Driver and Kuniyuki, 1984) ). All medium contained 3% sucrose and 0.65% agar with the pH value adjusted to 6.25 before autoclaving at 121 °C (150 kPa) for 25 min.
After 20 days in culture, infection, initiation, and explant development were measured. After the first and second subculture on the multiplication medium, number and length of proliferated shoots were recorded. Rooting percentage, number of roots, and root length were measured after 3 weeks on the rooting medium. All data were analyzed by ANOVA, followed by Duncan's multiple range test at P < 0.05 by STATISTICA 10.0 (StatSoft, Inc., Tulsa, OK, USA).
Results and discussion
Rapid and continuous introduction of new genetic diversity into rootstock breeding is essential for selection success and efficiency. The standard procedure of aseptic culture establishment includes mercuric chloride surface disinfection, as suggested by Sedlak et al. (2008) , Scaltsoyiannes et al. (2009), and Bošnjaković et al. (2013) . In our study, increasing explant size and excision proximal to bud burst resulted in a higher contamination rate. Sterilization with removed outer scales and isolation of meristems with 2-3 primordial leaves considerably diminished the contamination. Meristem culture was the most suitable explant for cultures initiated from field-growing mother trees for Prunus species in general (Druart, 2013) . The lowest contamination rate (up to 27%) was observed on dormant buds collected in November and December (Table 1 ). In January the contamination rate increased, while in February and March the contamination rate was over 60% in 'OV 14' and 'OV 32' genotypes. The highest contamination rate recorded for genotype 'OV 14' occurred when actively growing shoot tips taken in April were used as an explant source.
The percentage of undeveloped explants ranged from 5.3% to 69.5%, except in February, when it reached 96.6%. Rosette initiation from dormant buds was the highest (up to 87.5%) in November with 'OV 14' genotype and the lowest in selection 'OV 32' in February (9.1%). Significant improvement in culture initiation was observed in April, reaching 96.8% in 'OV 17' genotype, when shoot tips were used as an explant source.
Gisela 5 low-vigorous cherry rootstock is mainly propagated by micropropagation throughout the year (Ružić and Cerović, 2002; Ružić and Cerović, 2003) . Bošnjaković et al. (2013) and Dorić et al. (2014) reported successful micropropagation when dormant buds, rather than actively growing shoot tips, were used as an explant source in P. fruticosa Pall. and P. mahaleb L., regardless of genotype diversity. Such an approach allowed fast clonal multiplication of diverse germplasm from in situ plants in the winter, whereby compatibility in the nursery could be performed the following spring.
Explant type defined initial length and shoot elongation in subsequent subcultures, as presented in Table 2 . On the same initiation medium, dormant buds developed slower than actively growing shoot tips. After three subcultures most developed rosettes were with insufficient shoot elongation, ranging from 0.5 to 1.1 cm. The most significant shoot development was noted in the first and second subculture in 'OV 17' collected in March; this failed to develop further during the third subculture. When cultures were established in April the same genotype exhibited better development and achieved adequate explant length for the multiplication phase.
After establishing P. cerasus L. 'Oblačinska' accessions in vitro from dormant buds, cessation of explant growth was noted in the next two subcultures in all genotypes, possibly due to accumulation of growth-inhibitor hormones. After a period of intensive growth at the end of vegetation, levels of the growth-inhibitor plant hormone abscisic acid increase, while levels of cytokinins and gibberelic acid (plant growth promoters) decline in buds (Pruski et al., 2005) . Once tree dormancy commences, a period of low temperature is required to break this dormancy. All attempts to delay dormancy with hormones were unsuccessful (Borkowska, 1986) . To break dormancy, Druart (2013) recommended cold storage of twigs for 1 month at 2 °C. In P. fruticosa and P. mahaleb, dormancy did not adversely affect culture initiation, multiplication, shoot elongation, or rooting (Bošnjaković et al., 2013; Dorić et al., 2014) .
Explant elongation, and the subsequent multiplication phase, was observed only when aseptic cultures were initiated from shoot tips collected in April (Table 3 ). The index of multiplication was the highest in genotype 'OV 32' , although it was generally still low (not exceeding 1.9) (Figure 1 ). There was no significant difference among the 'OV 15' , 'OV 17' , and 'OV 32' genotype shoot lengths in the first subculture. On the same medium and plant growth regulator composition, an increase in index of Numbers followed by a different letter are significantly different at P < 0.05, according to Duncan's multiple range test. Saponari et al. (1999) . All accessions used as plant material for this research have been tested for PDV. Samples were tested by DAS-ELISA method, and results were confirmed using RT PCR. PDV was detected in four samples, none of which were in P. cerasus L., 'Oblačinska' sour cherry accessions (Bagi et al., 2012) . In 2013, PDV tests were repeated, and the results in all samples were negative.
Because of the long breeding cycle and lack of feasible conventional cloning methods, the in vitro propagation technique is a reliable approach for cloning desirable P. cerasus L., 'Oblačinska' sour cherry accessions. Establishing the explants in vitro in early winter is an important parameter for immediate introduction of genetic diversity into rootstock breeding procedures defined by conventional approach. An in vivo dormancy break during the winter and culture establishment by shoot tips in spring is not favorable, as it postpones the introduction of clonal material to the rootstock breeding program for one entire vegetation. Dormancy is a problem, and further investigation of ex vivo cold treatment is necessary as a precondition for micropropagation during the winter, in order to obtain clonally propagated plants in spring next year.
